Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

12-13-2014

Habitat Use of Shovelnose Sturgeon Scaphirhynchus
Platorynchus in the Lower Mississippi River
Patrick Thomas Kroboth

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Kroboth, Patrick Thomas, "Habitat Use of Shovelnose Sturgeon Scaphirhynchus Platorynchus in the
Lower Mississippi River" (2014). Theses and Dissertations. 2463.
https://scholarsjunction.msstate.edu/td/2463

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Habitat use of shovelnose sturgeon Scaphirhynchus platorynchus in the
lower Mississippi River

By
Patrick Thomas Kroboth

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Wildlife, Fisheries, and Aquaculture Science
in the Department of Wildlife, Fisheries, and Aquaculture
Mississippi State, Mississippi
December 2014

Copyright by
Patrick Thomas Kroboth
2014

Habitat use of shovelnose sturgeon Scaphirhynchus platorynchus in the
lower Mississippi River
By
Patrick Thomas Kroboth
Approved:
_____________________________________________	
  
Harold L. Schramm, Jr.
(Director of Thesis)
_____________________________________________	
  
Leandro E. Miranda
(Committee Member)
______________________________________________	
  
James A. Martin
(Committee Member)
_______________________________________________	
  
Eric D. Dibble
(Graduate Coordinator)
_______________________________________________	
  
George M. Hopper
Dean
College of Forest Resources

	
  

Name: Patrick Thomas Kroboth
Date of Degree: December 13, 2014
Institution: Mississippi State University
Major Field: Wildlife, Fisheries, and Aquaculture Science
Major Professor: Dr. Harold L. Schramm, Jr.
Title of Study: Habitat use of shovelnose sturgeon Scaphirhynchus platorynchus in the
lower Mississippi River
Pages of Study: 58
Candidate for Degree of Master of Science

The habitat requirements of shovelnose sturgeon populations are unknown for the
lower Mississippi River. Active acoustic telemetry was used to measure temporal
variation in habitat use of shovelnose sturgeon and preference for depth, surface current
velocity, and riverbed rugosity and slope by the population and within sandbar
microhabitats. Shovelnose sturgeon occupied habitats differently throughout the year;
and, within habitats, areas of moderate depth and surface current velocity and smooth
riverbed were preferred. Within sandbars, environmental conditions did not differ from
the surrounding environment, yet frequent aggregations of individuals in the lower
portion of sandbars often in close proximity suggest habitat preference at a scale greater
than the 5 ha measured. Results of this study provide information on seasonal habitat use
patterns and methods that can be applied to a long-term dataset to identify the habitat
requirements of shovelnose sturgeon.
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CHAPTER I
INTRODUCTION

The shovelnose sturgeon Scaphirhynchus platorynchus is one of the more
abundant and widely distributed freshwater sturgeon species in North America but has
experienced population declines throughout the last century (Bailey and Cross 1954;
Keenlyne 1997; Koch and Quist 2010). These declines have been attributed to
overharvest, localized pollution, and habitat alterations (Bailey and Cross 1954; Keenlyne
1997; Koch and Quist 2010). The lower Mississippi River (LMR) has changed over the
past century because of the effects of channelization. The need to minimize flooding and
maintain the river at a depth, width, and sinuosity suitable for commercial navigation has
led to the use of engineered structures including wing dikes and revetted banks. These
structures constrict the river’s flow to deepen and maintain a navigable channel, increase
the amount of hardened substrates such as boulder- and cobble-sized rock and concrete,
and modify the availability of habitats such as secondary channels and sandbars by
redirecting flow to the river channel at lower river stages. In spite of this changing
environment, little is known of what habitats shovelnose sturgeon occupy and how they
select areas within habitats.
Habitat use of shovelnose sturgeon has been investigated in the impounded upper
Mississippi River (UMR) and in the Missouri River Basin. Hurley et al. (1987), and
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Curtis et al. (1997) found that shovelnose sturgeon predominately selected areas of
current associated with wing dikes, closing dams, and the main channel in Pool 13 of the
UMR. Wing dikes are rock structures built in the channel border to redirect flow to the
main channel. Closing dams are rock dikes built across the entrance of a secondary
channel to redirect flow toward the main channel. Hurley et al. (1987) found shovelnose
sturgeon selected channel border habitats and areas downstream from wing dikes and
closing dams under high-flow river conditions in the spring. Under low-flow, summer
conditions, shovelnose sturgeon selected main channel habitat and areas upstream of
wing dikes and closing dams. Curtis et al. (1997) found that shovelnose sturgeon selected
areas of current in dam tailwater, wing dike, and main channel habitats from April to
August during an extreme low-flow year. Curtis et al. (1997) concluded that under these
low-flow conditions, shovelnose sturgeon sought surface current velocities ranging from
0.20-0.64 m/s, which was similar to the 0.40-0.70 m/s range observed by Hurley et al.
(1987). Though the available range of current velocity was not surveyed in either study,
the use of tailwaters by shovelnose sturgeon only during low-flow and the change in
habitat use from the main channel and areas upstream of wing dikes to areas downstream
of wing dikes (where current velocity would be expected to be reduced) under high flow
suggests that shovelnose sturgeon occupy habitats with moderate current velocities.
Research in the Missouri River Basin suggests that shovelnose sturgeon use river reaches
containing islands and sandbars more frequently than those without (Quist et al. 1999;
Bramblett and White 2001). Although habitat selection was not measured, the availability
of these complex habitats, which provide a diversity of depths and current velocities,
appears beneficial.
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While previous research is useful for interpreting habitat in smaller or impounded
systems, the LMR is free flowing with changing habitat conditions throughout the year.
The limited research available from the free flowing LMR and middle Mississippi River
(MMR) has used telemetry to identify the habitat requirements of adult pallid sturgeon,
but no information is available for adult shovelnose sturgeon. This study, which is
constrained by one year of habitat-use data, will not define seasonal habitat requirements
of shovelnose sturgeon but assesses seasonal patterns in habitat use and methods
necessary to perform a long-term analysis from which later results can guide habitat
rehabilitation. Study objectives were: 1) to identify temporal variation in habitats used by
shovelnose sturgeon in the LMR; 2) to assess shovelnose sturgeon preference for abiotic
conditions in the LMR; and 3) to assess sandbar microhabitat use by shovelnose sturgeon
in the LMR.
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CHAPTER II
STUDY SITES

The LMR is the 1,536-km section of the Mississippi River from the confluence of
the Ohio and Mississippi rivers at Cairo, Illinois to river kilometer (rkm) 0 at the Gulf of
Mexico (Mississippi Valley Division 2007). Shovelnose sturgeon habitat use was
measured at three sites: rkm 1,120-1,065 (Tunica, MS to Helena, AR), rkm 751-695
(Lake Chotard to Vicksburg, MS), and rkm 935-891 (the mouth of the Arkansas River to
Arkansas City, AR). All three sites are sinuous reaches of the river, representative of the
Mississippi Alluvial Valley (Baker et al. 1991), the section of river that spans from Cairo,
IL (rkm 1536) to Baton Rouge, LA (rkm 378), and contain the full complement of
habitats present throughout this reach.
Shovelnose sturgeon habitat in the LMR was classified into three different areas:
main channel, secondary channel, and channel border (Table 1). These areas and the
habitats within represent distinct ecological units of the environment among which
current velocities, substrates, and depths differ as deposition and erosion act on the
riverbed and banks. The main channel is the deep channel area that includes the
navigation channel and thalweg. Secondary channels are former main channels or
channels created when the river cuts a channel across a point bar making a new, smaller
channel. Secondary channels connect to the main channel at their upstream and
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downstream ends and have flow during moderate or higher river stages. Dikes upstream
of the secondary channel or sediment accretion prevent flow through most secondary
channels at low river stages. The channel border is the area from the shoreline to the toe
of the channel. The toe of the channel is the point where the channel border slope meets
the river channel bottom. Channel border habitat is divided into outside and inside bends.
Outside bends (convex banks) are the erosional banks of the river and are either natural
or revetted. Revetted banks are armored with rock, concrete, or asphalt to protect against
erosion. Natural banks are not armored. Inside bends (concave banks) are on the bank
opposite of the outside bend and are either sandbar or natural bank. A sandbar is a
gradually sloping area from the toe of the channel to the shoreline. Inside bend natural
bank habitats are steeply sloping banks located upstream or downstream of a sandbar.
Channel borders also contain wing dikes and islands. Wing dikes are rock riprap
structures extending from shore into the river to direct flow toward the navigation
channel. Dike fields are multiple wing dikes installed from upstream to downstream.
Wing dike and dike field habitat is the zone from 200 m upstream of the upriver dike to
300 m downstream of the downriver dike and from the shoreline to the toe of the channel.
Islands are present in the channel border and are created when a secondary channel
forms. The majority of the habitat adjacent to an island is sandbar with gradually
increasing depth and current velocity extending toward the toe of the channel, but the
downstream island tip has a steeper slope and faster current velocity. Island tips were
identified as the area from the island shoreline to the toe of the channel 100 m upriver
and downriver of the downriver end of an island.
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CHAPTER III
METHODS

Fish capture and surgery
Shovelnose sturgeon were captured with trotlines from October 2011-March 2012
and November 2012-April 2013 following the methods of Kuntz and Schramm (2011)
and Mirick (2011). All trotlines were 120-m long, set with 40 2/0 hooks and baited with
night crawlers Lumbricus terrestris.
Shovelnose sturgeon are morphologically similar to pallid sturgeon, and meristics
for separating the two species have not been established. Captured Scaphirhynchus were
identified to species using a suite of morphological characteristics. The shovelnose
sturgeon ratio of snout width to mouth width is 1.6-1.9, head length to head width is 1.92.2, and the length of the outer to the inner barbel is 1.1-1.4 (Forbes and Richardson
1905). The pallid sturgeon ratio of snout width to mouth width is 1.4-1.6, head length to
head width is 2.5-2.9, and the length of the outer to the inner barbel is 1.7-2.9 (Forbes and
Richardson 1905). Shovelnose sturgeon have a fully scaled abdomen in contrast to pallid
sturgeon that have a naked abdomen. Only fish possessing all the character traits
indicative of shovelnose sturgeon were classified as shovelnose sturgeon.
Limited research is available on the habitat requirements of adult shovelnose
sturgeon, thus this study focused on habitat of shovelnose sturgeon > 656 mm fork length
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(FL) and > 850 g weight. These fish were large enough to carry the surgically implanted
acoustic transmitters without impacts on individual’s behavior. Fish were anesthetized
prior to surgery in a solution of 150 mg/L of MS-222 (Western Chemical Inc., Ferndale,
WA) buffered with 150 mg/L sodium bicarbonate (Herrala and Schramm 2011). Nonresponsive, anesthetized fish were placed dorsum down in a V-shaped cradle positioned
obliquely in a surgery tank such that the fish’s gills were submerged in oxygenated river
water during surgery.
Uniquely coded acoustic transmitters (Vemco V16, 4.5-year battery life,
dimensions 16-mm diameter by 95-mm long, weight 35 g [less than 4% of the fish’s body
weight]; Vemco, Halifax, Nova Scotia) were surgically implanted following procedures
described in Herrala and Schramm (2011). The V16 ultrasonic tags were sterilized in
Cidex Plus (Ethicon Inc., Irvine, CA), rinsed in sterile water and inserted into the body
cavity through a 25-40 mm longitudinal incision made to the right of the ventral midline
and anterior of the pelvic fins (Herrala and Schramm 2011). The incision was closed with
sterile Monocryl Plus monofilament sutures and a FS-1 24 mm reverse cutting needle
(Ethicon, Inc., Irvine, CA). Implanted shovelnose sturgeon were retained in oxygenated
tanks of river water until they regained equilibrium and then released at their capture
sites. Fish capture and handling were conducted in compliance with Mississippi State
University animal use permit 11-018.

Telemetry methods
Acoustic telemetry is an established method for studying habitat use and
movement of adult pallid sturgeon in the LMR and was chosen for this study over radio
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telemetry because it is better for detecting fish in deep and high-conductivity waters
(Constant et al. 1997), conditions that are commonly encountered in the LMR. Study sites
were tracked monthly from March 2012 to November 2013. Tagged shovelnose sturgeon
were located using active tracking methods with Vemco VR110 boat-mounted directional
hydrophones connected to Vemco VR100 receivers. Detections recorded from the first
full year of telemetry (March 2012 to Match 2013) were assessed for objectives 1 and 2.
Objective 3 was developed after initial sampling, thus analysis consisted of detections
recorded later in the study from January to November 2013.

Objective 1: Identify temporal variation in habitats used by shovelnose sturgeon
Habitat use was defined as detection of shovelnose sturgeon within one of the
eight habitats in Table 1. Habitat use was measured by comparing proportional use with
habitat availability estimated from March 2012 to March 2013.
Habitat availability is a measure of the accessible and procurable physical and/or
biological components of an animal’s environment (Hall et al. 1997). Johnson (1980)
identified four orders of habitat availability: 1) the physical or geographic range of the
organism; 2) home range of an individual or social group; 3) use of different habitat
components within a home range; and 4) procurement of food items within the feeding
site determined by third order selection. The geographic range of shovelnose sturgeon is
known to extend across the Mississippi River drainage (Keenlyne 1997). Beyond this
level the home range concept is questionable for fish populations that have transitory
ranges (Rogers and White 2007) that may shift in response to a changing environment
(Crook 2004), a seasonal occurrence in the LMR (Figure 1). Application of this concept
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appears limited for shovelnose sturgeon as Bramblett and White (2001) found movement
rate and distribution across river reaches changed seasonally in the Missouri River
suggesting a lack of site fidelity, the primary indicator that an animal established a home
range. Shovelnose sturgeon were determined to have access to habitats throughout the
sites, thus habitat availability was measured as the area of habitats in each site (third
order).
Habitat availability was estimated in Arc GIS version 10 (ESRI Inc., Redlands,
CA) by first making base maps of the Mississippi River at bank-full stage for each site.
These base maps were created from satellite imagery, U.S. Army Corps of Engineers
(USACE) channel cross section and wing dike bathymetric data (USACE unpublished
data), and navigation maps (Mississippi Valley Division 2007). Landsat Enhanced
Thematic Mapper Plus 30-m resolution satellite imagery (Landsat; USGS 2012) recorded
at bank-full stage was used to identify the shoreline and inundation of islands. Depth
contours were added using USACE 400-m-spaced channel cross-sections to locate the toe
of the channel (USACE unpublished data). Lower Mississippi River 2007 navigation
maps (Mississippi Valley Division 2007) facilitated identification of sandbar, natural
bank, and revetted bank habitats. Wing dike bathymetric data identified the location of
wing dike habitat (USACE unpublished data). Island tip habitats were located using
depth contours and satellite imagery. The base map was then used to define the
perimeters of the habitats defined in Table 1.
Bank-full habitat availability provides a measure of the maximum area of each
habitat type, but river stage in the LMR fluctuates throughout the year and by as much as
10 m annually. Thus, accurate quantification of habitat selection at different points in
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time is not possible without adjusting for changes in habitat availability. Habitat
availability was estimated for four thermal-hydrologic periods to improve accuracy and
to compare changes in habitat use throughout the 1-year sampling period. The thermalhydrologic periods, based on long-term average thermal and hydrological fluctuations
(Figure 1), are defined in Table 2. Water temperature and river stage data from the
USACE river gage at Vicksburg, MS (rkm 701) were used to determine the dates of
thermal-hydrologic periods for the sampled timeframe a posteriori. Inundation of islands
and the shoreline was estimated from Landsat 30-m resolution satellite imagery for the
date nearest the date of the mean river stage of each thermal-hydrologic period. Satellite
imagery was overlaid on the base map to define habitat borders, and proportional habitat
availability was estimated for each thermal-hydrologic period using Arc GIS version 10.
The habitat definitions in Table 1, modified from Herrala et al. (2014), were followed for
all habitats except island tip. No two islands are identical, some island tip habitats were
located within sandbar habitat and did not extend all the way to the toe of the channel.
These island tips were identified as the area of steeply sloping bank 100 m upriver and
downriver of the downriver tip of an island from the island shore to the point where the
bank flattened into sandbar habitat. The steeply sloping bank of these island tips
contained moderate depth and current velocity at a high stage but at a lower river stage
when the water surface elevation is below the elevation of the steeply sloping bank the
island tip dries and only sandbar remains between the shoreline and the main channel.
During low stage when secondary channels were absent, the steep banks of island tips
that extended to the toe of the channel remained inundated and were reclassified as inside
bend natural bank habitat.
	
  
10	
  

Habitat analyses commonly rely on a log-likelihood or Pearson chi-squared test
(Manly et al. 2002) to test the null hypothesis that individuals or the population randomly
use habitat in proportion to availability (no habitat selection) and then apply a selection
index to compare use and availability (Hurley et al. 2004; Koch et al. 2012; Herrala et al.
2014). The chi-squared method requires a minimum expected five detections per habitat
type (Manly et al. 2002). Expected detections are calculated by multiplying the
proportional availabilities by total detections (Table 3). Tests are typically robust to the
minimum requirement (Manly et al. 2002), but sample sizes within thermal-hydrologic
periods were small because of monthly sampling, which provided only 3 to 4 detections
of an individual within thermal-hydrologic periods and several habitats had low
proportional availabilities, thus habitat selection was not inferred.
Manly selection ratios with simultaneous 90% Bonferroni confidence intervals
were used to compare proportional habitat use and availability (Manly et al. 2002) within
thermal-hydrologic periods. Aebischer et al. (1993) suggested that availability and use be
defined for individual animals to avoid pseudoreplication, which occurs when the animals
are either tracked too frequently at a time scale that would not allow for behavior to
change between sampling or the detections of individuals are pooled so that the behavior
of frequently detected animals outweighs less frequently detected animals. Because
individual fish were expected to only contribute three or four detections per period, each
individual’s statistical weight was reduced making it justifiable to assess habitat use with
a population-level analysis. Confidence intervals of selection ratios were used to interpret
the significance of results. If the confidence interval’s margin of error does not overlap 1
then use is significant. Statistical significance was assessed at α=0.10 to reduce the
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probability of rejecting the null hypothesis when a confidence interval includes 1, or the
probability of committing a Type I error. Habitats used more than expected have indices
> 1 and habitats used less than expected have indices < 1 (Manly et al. 2002). Because
data were only available for 1 year and, thus thermal-hydrologic periods were not
replicated, changes in habitat use among thermal-hydrologic periods were assessed
qualitatively by site.

Objective 2: Assess shovelnose sturgeon preference for abiotic conditions
Four abiotic conditions--depth, surface current velocity, bottom rugosity, and
bottom slope--were measured at the location of each detected shovelnose sturgeon.
Current velocity and depth are two commonly measured variables found to influence
shovelnose sturgeon location (Hurley et al. 1987; Curtis et al. 1997; Quist et al. 1999;
Bramblett and White 2001). Because shovelnose sturgeon are benthic fish (Bailey and
Cross 1954), I hypothesized that characteristics of the riverbed might, in addition to
current velocity and depth, affect location. Bottom rugosity, an index of the complexity
of the riverbed, and bottom slope, an indicator of how quickly depth changes, were added
to measure the heterogeneity of the riverbed around detected fish and to provide a
quantitative measurement of how these benthic fish interact with their abiotic
environment.
There are various methods for measuring the complexity of a river or stream bed.
In small streams and rivers, substrate can be classified into different sizes and used to
quantify habitat (Kovalenko et al. 2012); but in deep, turbid rivers like the LMR it is
difficult to quantify substrate. In large rivers, the kinetic energy from sediment transport
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creates large dunes, which are hypothesized to provide current refuge for fish (Wildhaber
et al. 2003). Few studies have applied geomorphology methods for measuring riverbed
complexity to fish habitat; and, of those studies, depth recordings from trawl or trammel
net sampling are the most common. Guy et al. (2009) tested the effect of the coefficient
of variation of depth over the drift distance of trammel nets on catch rate of
Scaphirhynchus sturgeon. Wildhaber et al. (2003) tested the ability of bottom rugosity
(defined by Wildhaber et al [2003] as sinuosity), fractal geometry, and the slope and
residuals of the regression of depth recordings from trawl samples to classify different
bedforms and identify patterns in the presence of captured fish. These studies outlined the
methods necessary to measure riverbed geomorphology, but the application of their
results to shovelnose sturgeon habitat requirements is restricted to catch rate, a restriction
not applicable to telemetry. Aside from these studies, the majority of research on benthic
habitat complexity is confined to marine studies (Kovalenko et al. 2012), sediment
transport in large rivers (Harbor 2004), and bathymetric fish habitat mapping (Reuter et
al. 2009).
Research in the Missouri River to locate the spawning habitat of Scaphirhynchus
sturgeon has lead to the use of advanced bathymetric equipment to create precise
bathymetric maps for comparison with telemetry data. These maps have allowed
researchers to use depth, current velocity, and their gradients to classify areas of the river
that may serve as pallid sturgeon and shovelnose sturgeon habitat (Reuter et al. 2009).
Gravid female shovelnose sturgeon were found and predicted to be in areas with a high
gradient of velocity and high riverbed slope. Lacking the equipment and software
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necessary to produce such advanced bathymetric maps, I chose to use rugosity and slope
of transects to quantify the variation in bedform in the vicinity of detected fish.
Depth and surface current velocity were measured at the location of detected fish
using Lowrance depthfinder and GPS units (Navico, Tulsa, Oklahoma). Shovelnose
sturgeon are benthic fish (Bailey and Cross 1954); therefore, water depth was assumed to
be the depth of the fish. Surface current velocity was used as an estimate of current
velocity because equipment such as an acoustic Doppler current profiler (Reuter et al
2008) that is used for measuring current velocity near the bottom in deep, high-velocity
rivers was not available. Surface current velocity was measured using the Lowrance
unit’s GPS measurement of speed over ground. Because boat drift speed can also be
affected by wind, boat operators used small objects floating on the water’s surface to
confirm that the downstream drift rate of the boat was equal to that of the surface current
velocity.
Rugosity and slope were measured using depths recorded along transects in the
area surrounding a detected fish. To ensure that rugosity and slope were measured at the
location of the fish, transect lengths were set to ±50 m, a distance equivalent to the
greatest error observed when estimating detection accuracy. Using the Lowrance depth
finder/GPS unit, depth was recorded along longitudinal (parallel to the flow) and lateral
(perpendicular to the flow) 100-m long transects centered at the best estimate of each
fish’s location. The Lowrance unit is capable of recording GPS locations, depth
soundings, and speed. Lateral transects starting 50 m from the detected fish toward the
channel were recorded for 100 m toward the bank. Longitudinal transects starting 50 m
downstream from the detected fish were recorded upstream for 100 m. This method
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created two perpendicular transects that intersect at the fish’s estimated location and
provided depth and distance data necessary to calculate slope and rugosity.
Bottom rugosity and slope were calculated using methods similar to Wildhaber et
al. (2003). Bottom rugosity was calculated as the ratio of the surface distance of the
riverbed divided by the linear distance of the transect. The surface distance of the
riverbed is calculated by the sum of the length of the hypotenuse of triangles formed by
the change in depth (D) and the change in the horizontal distance (HD) between
soundings.

(1)
The total distance and total time of the transect are used to calculate velocity, which is
then multiplied by the consecutive times recorded between depth soundings to measure
the HD between soundings. Complex river bottoms have a longer surface distance than
transect distance and produce rugosity index values > 1, where 1 represents a flat
riverbed (Figure 2). Slope was measured as the slope of the regression line estimated for
depth soundings recorded during 100 m transects. Slope can serve as measure of riverbed
orientation, but gradient and not orientation was the purpose for measuring slope so the
absolute values of slope measurements were used for analysis.
Shovelnose sturgeon preferred ranges of abiotic conditions were assessed using
cumulative frequency distributions of each condition. Quartiles of observations described
most frequent use. These distributions identified patterns in use of depth, surface current
velocity, bottom rugosity, and bottom slope.
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Principal component analysis (PCA) assessed the relationship among depth,

surface current velocity, longitudinal bottom rugosity, lateral bottom rugosity,
longitudinal bottom slope, and lateral bottom slope, with the goal of reducing
dimensionality of the data for a graphical comparison of abiotic conditions occupied
among the thermal-hydrologic periods identified in objective 1. Principal component
analysis is a multivariate statistical method used to capture the variation among samples
and create a low-dimensional representation of the data (Johnson 1998). Detections
among sites and thermal-hydrologic periods were pooled so that principal component
(PC) scores were calculated from the same distributions and comparable among thermalhydrologic periods, resulting in one PCA that was represented by scatterplots depicting
PC scores for each thermal-hydrologic period. Observations with missing values for any
of the six variables were excluded from the analysis. Missing observations occurred when
proximity to the shore or a wing dike prevented recording the full 100 m length of
transects. PCA was conducted using standardized variables, where the variable
observations were subtracted from their mean and divided by the standard deviation.
Principal components were retained if their eigenvalues were > 1 (Johnson 1998) and the
cumulative proportion of the variance explained by the retained PC’s was at least 70%.
Scatterplots with axes of the retained PCs were used to compare PC scores among
thermal-hydrologic periods. Bottom rugosity and bottom slope were not recorded until
June 2012, thus the warming/high period was excluded from the PCA. Points were
labeled by habitat to test the hypothesis that variation in environmental conditions
represented differences among the habitats defined in Table 1. Minimal detections
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occurred in outside bend natural bank and inside bend natural bank habitats; thus, to
simplify graphing, these two habitats were combined into natural bank.

Objective 3: Assess sandbar microhabitat use by shovelnose sturgeon in the LMR
Shovelnose sturgeon use of sandbar habitat was measured for detections recorded
from January to November 2013. Sandbar habitat was chosen for this analysis because it
is frequently used by pallid sturgeon in the LMR (Herrala et al. 2014), a species
commonly used as a surrogate to shovelnose sturgeon (DeLonay et al. 2009), its borders
can be easily identified in the field, and it is commonly fished for the collection of
shovelnose sturgeon. Results can be used to improve efficiency of capture and to assess
how shovelnose sturgeon select areas within sandbars.
A multivariable logistic regression model was used to estimate the probability of
sandbar microhabitat use by shovelnose sturgeon based on the predictive performance of
depth, surface current velocity, longitudinal bottom rugosity, lateral bottom rugosity,
longitudinal bottom slope, and lateral bottom slope measured using the methods
described in objective 2. Predictor variables were recorded at the location of the detected
fish (presences) and at systematically selected points around the detected fish (absences).
The model was created using a case-control design (Keating and Cherry 2004), with
presences defined as detections and absences as systematically selected unused locations.
Assumptions of the model were that telemetrically tagged individuals are representative
of the population, absences were determined based on criteria that no tagged fish
occurred within the area used to record unused habitat, and that results can only be
interpreted for use of sandbar habitat. Variables were standardized prior to analysis using
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the methods from objective 2 to adjust for variation among sampling units. Odds ratios of
the model coefficients were used to identify the relationship among presence and absence
for each variable, confidence intervals of the odds ratios were used to assess the strength
of the model (Johnson 1998). If the confidence interval’s margin of error did not overlap
1 then that variable was significant. Statistical significance was assessed at α=0.10 to
reduce the probability of rejecting the null hypothesis when a confidence interval
included 1, or the probability of committing a Type I error. A paired Hotelling’s T2 test
was used to test if there was a significant difference between the variable means for
presences and absences, and results were used to interpret the heterogeneity of habitat
within the area around fish detections.
Abiotic conditions at absence locations were measured at points located 200 m
upstream and downstream from the detected fish’s location. The 200 m distance was
selected to measure a large enough range around a detected fish that would encompass
expected changes in habitat and provide a 100 m buffer between transects used for
rugosity and slope measurements at presence and absence sites. I attempted to collect
additional absence locations 200 m toward the bank and the main channel from the fish’s
location, but the majority of fish were detected in narrow sandbar sections located less
than 200 m from the shore and the main channel.
This systematic approach to measuring absences was chosen over a complete
census of availability measured with bathymetric mapping or a random sampling design
because systematic measurements could be completed during telemetry sampling with
data collected from the Lowrance depthfinder and GPS units. Bathymetric mapping
combined with current velocity data from an acoustic Doppler current profiler are used to
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measure riverbed geomorphology (Reuter et al 2008), but to measure shovelnose
sturgeon habitat would take several days to map a single sandbar, which can exceed 100
ha, and require an acoustic Doppler current profiler and bathymetric mapping equipment
that were not available. Further, sandbar mapping would have to be repeated for each
sampling event, because current velocity and depth change constantly with river stage
and flow, and maps could only be applied to a brief timeframe. Random sampling is an
alternative method for measuring variation of abiotic conditions at unused locations but
was considered inappropriate because it would have required a large amount of time for
sampling and randomization of locations that was not possible without the known area of
the sandbar prior to sampling.
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CHAPTER IV
RESULTS

River stage was lower than the historical average during most of the sampling
period (Figure 1), ranging from -0.3 to 10.9 m on the Vicksburg, MS river gage. During
the June to December of 2012 river stage ranged from -0.3 to 4.8 m. Water temperature
conformed to the decadal average ranging from 6.2 to 31.9 °C (Figure 1).
One hundred seventy-two shovelnose sturgeon (656-852 mm FL) were collected,
implanted with acoustic transmitters, and released at Tunica, MS; Vicksburg, MS; and
Arkansas City, AR in October 2011- March 2012 and November 2012- April 2013. Fifty
shovelnose sturgeon were implanted at Tunica, MS, with 22 and 28 fish implanted in the
first and second years, respectively. Seventy-two shovelnose sturgeon were implanted at
Vicksburg, MS with 38 and 34 fish implanted in the first and second years. Fifty
shovelnose sturgeon were implanted near Arkansas City, AR, with 5 and 45 fish
implanted in the first and second years respectively.
Due to a limited number of implanted fish during 2012 at Arkansas City, this site
was excluded from analysis for objectives 1 and 2. Monthly tracking in March 2012March 2013 resulted in a total of 330 detections at the Tunica, MS and Vicksburg, MS
sites. At Tunica, 27 fish were detected 1 to 9 times (median 2 detections) for a total of 80
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detections. At Vicksburg, 54 shovelnose sturgeon were detected 1 to 13 times (median 3
detections) for a total of 250 detections.

Objective 1: Identify temporal variation in habitats used by shovelnose sturgeon
The four thermal-hydrologic periods occurred March- May 2012 (warming/high),
June- August 2012 (warm/decreasing), September- December 2012 (cooling/low), and
January- March 2013 (cold/increasing). The main channel was the largest habitat type at
both sites, ranging from 47.5-68.4% at Tunica (Figure 3; Table 4) and 40.1-63.6% at
Vicksburg among thermal-hydrologic periods (Figure 4; Table 5). Sandbar was the next
largest habitat composing 17.8-27.8% at Tunica and 16.3-23.1% at Vicksburg. Wing dike
was a large portion of both sites composing 7.4-16.6% at Tunica and 5.3-20.9% at
Vicksburg among thermal-hydrologic periods. Both sites had low availability of island
tip, secondary channel, revetted bank, outside bend natural bank, and inside bend natural
bank habitats. Secondary channel and island tip habitat were absent at low river stages
during June to December 2012 at both sites.
Shovelnose sturgeon habitat use varied throughout the year and at the two study
sites, but the majority of detections were in the main channel, sandbar, and wing dike
habitats. At Tunica, 30 (38%) of 80 total detections were in the main channel and 35
(44%) were in sandbar habitat; no detections occurred in secondary channel or outside
bend natural bank habitats (Table 4; Figure 5). At Vicksburg, 124 (50%) of 250 total
detections were in the main channel, 43 (17%) were in wing dike, 41 (16%) were in
sandbar, and 24 (10%) were in revetted bank habitats; no detections occurred on island
tip (Table 5; Figure 5).
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During the warming/high period there were 9 detections at Tunica, of which 4
were in the main channel, 3 on inside bend natural bank, and 2 on revetted bank (Table 4;
Figure 5). Selection ratios indicated that inside bend natural bank and revetted banks
were used more than expected and main channel use was neutral. Fifty-five detections
occurred at Vicksburg, the majority of which were in the main channel (14), wing dike
(19), and sandbar (11) (Table 5; Figure 5). Selection ratios indicated that revetted bank,
inside bend natural bank, outside bend natural bank, and wing dike were used more than
expected, while sandbar and main channel habitats were used less than expected.
During the warm/decreasing period, secondary channel habitats dewatered, and
remaining island tips were reclassified as inside bend natural bank habitat. Twenty
detections occurred at Tunica, of which the two more frequently used habitats were the
main channel (7) and sandbar (7) (Table 4; Figure 5). Selection ratios indicated inside
bend natural bank, revetted bank, sandbar, and wing dike habitats were used more than
expected, while main channel habitat was used less than expected. Forty-eight detections
occurred at Vicksburg, the majority of which were in the main channel (13), wing dike
(15), and sandbar (12) (Table 5; Figure 5). Selection ratios indicated that wing dike,
sandbar, and revetted bank habitats were used more than expected, while main channel
and outside bend natural bank habitats were used less than expected.
During the cooling/low period, 23 detections occurred at Tunica; the main
channel was the most frequently used (16) (Table 4; Figure 5). Selection ratios indicated
that inside bend natural bank and main channel habitats were used more than expected,
while sandbar and revetted bank were used less than expected. Sixty-three detections
occurred at Vicksburg, most were in the main channel (46) (Table 5; Figure 5). Selection
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ratios indicated that revetted bank and main channel habitat were used more than
expected, while sandbar and wing dike were used less than expected.
During the cold/increasing period, secondary channel and island tip habitats were
again available. Most (24) of the 29 fish detected at Tunica were in sandbar habitat
(Table 4; Figure 5). Selection ratios indicated that island tip and sandbar habitat were
used more than expected, while main channel and revetted bank were used less than
expected. Eighty-four detections occurred at Vicksburg, of which the main channel (51)
and sandbar (11) were more frequently used (Table 5; Figure 5). Selection ratios
indicated that inside bend natural bank, main channel, and secondary channel were used
more than expected, and sandbar, revetted bank, outside bend natural bank, and wing
dike habitats were used less than expected.

Objective 2: Assess shovelnose sturgeon preference for abiotic conditions
Shovelnose sturgeon used a broad range of abiotic conditions at both study sites
(Figure 6). Median depths were 10.6 and 11.3 m, with 50% of detections from 8.8 to 12.3
m and 8.5 to 15.0 m at Tunica and Vicksburg, respectively. Median surface current
velocity was 0.81 m/s at both sites, with 50% of detections from 0.57 to 0.98 m/s and
0.48 to 1.14 m/s at Tunica and Vicksburg, respectively. Rugosity indexes ranged from
1.000 to around 1.100 and represented increasing riverbed complexity as shown in Figure
2. Median longitudinal bottom rugosity indexes were 1.005 and 1.004 at Tunica and
Vicksburg, respectively; 50% of detections ranged from 1.002 to 1.010 at both sites. The
median lateral bottom rugosity index was 1.004 at both sites, with 50% of detections
from 1.002 to 1.008 and 1.002 to 1.009 at Tunica and Vicksburg, respectively. Median
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longitudinal bottom slopes were 0.01 at both sites, with 50% of detections from 0 to 0.02
and 0.01 to 0.02 at Tunica and Vicksburg, respectively.	
  Median lateral bottom slopes
were 0.04 and 0.03 with 50% of detections from 0.01 to 0.07 and 0.01 to 0.06 at Tunica
and Vicksburg, respectively.
A total of 189 detections at Vicksburg and Tunica were used in the PCA to assess
the relationship of the six abiotic conditions in ordination space. The first three PCs
explained 77% of the variation in the data and were the only axes with eigenvalues > 1
(Table 6). The eigenvectors indicated that PC 1 was positively related to lateral slope,
lateral rugosity, and longitudinal slope; PC 2 was negatively related to surface current
velocity and longitudinal rugosity; and PC 3 was positively related to depth (eigenvector
0.98).
Principal component scores plotted by thermal-hydrologic periods indicated
variation among use of abiotic conditions (Figure 7). During all periods the majority of
detections were close to the mean (center of the graph). During the warm/decreasing
period variations occurred primarily along PC 1 and PC 2, with the majority of variation
resulting from shovelnose sturgeon detected in areas with higher PC scores along PC 1,
representing greater lateral slope, lateral rugosity, and longitudinal slope. These
detections were in steeply sloping revetted bank and natural bank habitats. During the
cooling/low period most variation occurred along PC 1 and PC 3 caused by occasional
use of higher lateral slope, lateral rugosity, and longitudinal slope found in revetted bank
habitat and increased use of deeper water in the main channel (variation along PC 3).
During the cold/increasing period variation occurred primarily along PC 2 and PC 3.
Detections indicated use of greater surface current velocity and longitudinal rugosity (PC
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2) and greater depth (PC 3), primarily in the main channel. Aside from the variation
described above, abiotic conditions plotted close to the mean during the three study
periods. Mean detections typically represented use of wing dike, sandbar, and secondary
channel habitats.

Objective 3: Assess sandbar microhabitat use by shovelnose sturgeon in the LMR
Seventy-seven detections occurred in sandbar habitat from January to November
2013 among all three study sites; and, of those detections, 42% were detections of
multiple fish within the same ±50 m error of telemetry equipment or within the 5 ha area
in which sandbar microhabitat was to be measured, suggesting habitat use is not
independent among individuals. Locations of sandbar detections in Arc GIS showed that
shovelnose sturgeon most frequently used the lower sections of a sandbar (73% of
detections; Figure 8).
Twenty detections of 17 individuals (3 fish were detected twice on sandbars
during separate tracking events) and their respective upstream and downstream absence
measurements were included in the logistic regression model to assess shovelnose
sturgeon microhabitat use within sandbar habitat. None of the measured abiotic variables
were significant for presence or absence of shovelnose sturgeon (Table 7). Further, a
paired Hotelling’s T2 test indicated that abiotic conditions did not differ between
locations where shovelnose sturgeon were detected and systematically selected locations
where fish were absent (P= 0.68). Odds ratios of the coefficient values suggest that
probability of use for areas within sandbar increases as depth, longitudinal rugosity, and
lateral slope increase and decreases as surface current velocity, longitudinal slope, and
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lateral rugosity increase; however, the poor fit of the model suggests these results have
limited utility.
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CHAPTER V
DISCUSSION

Because this study is only based on one year of data it should not be used to
define the habitat requirements of shovelnose sturgeon. However the results of this study
identified methods for measuring habitat availability, differences in seasonal habitat use,
preference for abiotic conditions that may influence shovelnose sturgeon distributions,
and microhabitat use patterns that suggest a reevaluation of the scale we interpret habitat
is necessary.

Habitat availability
Although several studies have assessed shovelnose sturgeon habitat selection,
which requires measurement of habitat availability, this is the only study of adult
shovelnose sturgeon that quantifies the change in habitat availability throughout the year.
Prior to this analysis the majority of habitat mapping for Scaphirhynchus sturgeon in the
Mississippi River Basin used non-spatially referenced navigation charts (Hurley et al.
1987; Curtis et al. 1997; Hurley et al. 2004; Herrala et al. 2014) to quantify annual habitat
selection. These “annual” habitat analyses, although providing useful information about
habitat use, provide an estimated availability that is not as accurate as bathymetric
mapping and cannot compensate for changing habitat availability throughout the year. An
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example of this is found in Herrala et al. (2014), which showed that pallid sturgeon
frequently use secondary channel habitat, but secondary channels were excluded from the
analysis because they were not present throughout the entire study period and the changes
in habitat availability were not estimated. Where Herrala et al. (2014) recognized the
changes in habitat availability with changing river stage, others did not consider changing
availability. Koch et al. (2012) performed a seasonal analysis by testing individual habitat
selection (representative of a Design II Protocol A study; Manly et al. 2002) and then
incorrectly compared seasonal habitat use using selection ratios assuming a constant
availability across seasons. Though this thesis is based on interpretation of only one year
of data, I have described a simple method that incorporates seasonal changes in habitat
availability that can be applied for long-term seasonal analysis.
During the process of mapping study sites throughout the four thermal-hydrologic
periods, I identified necessary changes in habitat definitions (Table 1). I differentiated
between inside bend and outside bend natural banks. This was based on the hypothesis
that natural banks located on the inside bend (away from the current of the thalweg) may
be used differently or have different current velocities than outside bend natural banks. I
found occasional differences in the number of detections between the two habitats, but
overall these habitats were not frequently used. Their division decreased proportional
habitat availability and, in turn, diminished the strength of the selection ratios and the
ability to identify a difference among the remaining habitats. Similarly I found island tip
habitats to be more variable than the definition I used from Herrala et al. (2014). The
majority of island tips were small and isolated within sandbars. Satellite imagery and
bathymetric data indicated that island tips extended further upstream than the defined 100
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m and possibly further downstream, but the downstream distances could not be
determined from the 400 m spaced channel cross sections. I propose a new definition for
island tip habitat as: a zone of relatively deep water and swift current from island shore to
the point when the slope of the bank extending out from the island shore flattens (toe of
the island), extending upriver from the island tip until the steep bank transitions into
sandbar (indicated by decreasing slope and increasing width from shore) and downriver
of the island shore to the point where the toe of the island on the channel and secondary
channel sides converge. The point of convergence will be located for mapping by
extrapolating the line formed by the toe of the island down both sides of the island to
where the two lines intersect.
	
  

In contrast to more stabile systems, habitat availability in the LMR fluctuates

seasonally with the varying hydrograph; as such changes in one habitat are proportionally
contingent on changes in the other habitats. For example, as river stage decreases, the
available areas of channel border habitats, including sandbar, wing dike, secondary
channel, island tip, revetted bank and natural banks, decline. Though the area of the main
channel is unaltered by changing stage, loss of surrounding channel border areas increase
proportional availability of the main channel. During the warm/decreasing and
cooling/low periods, secondary channels and island tips located within sandbar habitat
were not available. As water levels fell, secondary channels became dry and the
remaining island tips that extend to the toe of the channel were reclassified as inside bend
natural banks because the loss of current from the secondary channel resulted in
characteristics similar to those of inside bend natural bank habitat.
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Habitat use
Although location data were obtained monthly for a relatively large population of
tagged fish, selection analyses were constrained by sample size (number of detections),
which resulted in selection ratios with wide confidence intervals overlapping 1 and
inability to statistically discriminate use and availability. Nevertheless, some patterns in
habitat use were evident.
During the warming/high period small habitats in the channel border including
revetted bank, inside bend natural bank, and outside bend natural bank habitat were used
more frequently than expected, as was the more available wing dike habitat at Vicksburg.
This pattern of use continued into the warm/decreasing period with an increased
proportional use of sandbars at both sites. Wing dikes continued to be used, but not as
frequently as was expected from previous shovelnose sturgeon research (Hurley et al.
1987; Curtis et al. 1997). This is possibly because the LMR is free flowing whereas areas
of flowing water are largely limited to the main channel and wing dike habitat in the
UMR.
During the cooling/low period channel border habitats continued to be used, but
the main channel was the only habitat used more than expected in spite of being
proportionally the largest. It remains to be determined whether high use of the main
channel during low river stages indicates selection, whether the fish are concentrated in
the main channel because other habitats are less available, or whether the preferred
moderate depth, current velocity, bottom rugosity, and bottom slope are not available in
the remaining habitats.
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During the cold/increasing period use differed between sites. At Tunica
shovelnose sturgeon used sandbar habitat frequently (86% of detections). At Vicksburg
shovelnose sturgeon used the main channel (61% of detections). Despite these
differences, it appears that similar ranges of abiotic conditions within the two habitats
were used according to the PCA, suggesting that shovelnose sturgeon were not using the
broad range of conditions within main channel at Vicksburg but moderate depth, current
velocity, bottom rugosity, and bottom slope that might possibly exist in the transitional
areas between the main channel and channel border. Future research on shovelnose
sturgeon seasonal movement patterns and long-term habitat use are necessary to test this
hypothesis and determine if this pattern persists.
These patterns are preliminary and will require several years of telemetry data to
perform a statistically valid habitat selection analysis. Insufficient detections were
available to test selection in this study. This could have been alleviated with more
frequent tracking of the study sites (e.g. weekly tracking events) or implanting more fish.
More frequent sampling would increase sample size (detections) and provide a more
accurate measurement of selection, closer to the movements between habitats when the
decisions to select habitats occur.
More detections during each period are necessary to meet the minimum > 5
expected detections for the chi-square test, and this can be achieved by collecting several
years of data and testing individual habitat selection within thermal-hydrologic periods.
Several years of telemetry data would provide enough monthly detections to include
habitats with >2% availability in the test, such as main channel, sandbar, revetted bank,
wing dike habitats. Inside bend natural bank and outside bend natural bank habitats are
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too small and must be combined unless large sample sizes around >800-2000 detections
can be achieved. Island tip habitat made up only 0.1% of either site and would require an
extremely large sample size (5000 detections) to assess selection. Rogers and White
(2007) suggest that > 5 expected detections is a general requirement for a chi-squared
test, not a strict rule, thus if inside bend natural banks and outside bend natural banks are
combined and each period has a minimum of 500 detections a chi-squared analysis can be
applied.

Preference for abiotic conditions
Shovelnose sturgeon used a broad range of depths and surface current velocities,
but the majority of use was restricted to a narrow range for a system with extensive areas
of habitat deeper than 25 m and current velocities exceeding 3 m/s (Baker et al. 1991).
Assessment of longitudinal and lateral rugosity and slope indicate that the majority of
detections were confined to smooth and nearly flat riverbed locations. These results were
similar to those of Wildhaber et al. (2003), suggesting shovelnose sturgeon use
homogeneous riverbed habitats.
Shovelnose sturgeon preference for depths and surface current velocities do not
conform to the results of previous studies. I found shovelnose sturgeon preferred deeper
habitat in the LMR than in the UMR or Missouri River. Lack of information on available
depths in the Missouri River and UMR constrain comparisons among rivers, but it is
clear from my work that shovelnose sturgeon in the LMR use moderate depths, not often
occupying depths greater than 20 m even though available. Fifty percent of detections
ranged from 8.8-12.3 m at Tunica and 8.5-15.0 m at Vicksburg in the LMR. Surface
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current velocities do not equate to bottom current velocities, but shovelnose sturgeon
appear to use similar current velocities in the LMR to those reported in previous studies.
Studies in the UMR found shovelnose sturgeon used mean surface current velocities of
0.59 m/s (SE=0.9; Hurley et al. 1987) and 0.36 m/s (SE=0.17;Curtis et al. 1997). In the
Missouri River, shovelnose sturgeon used mean bottom current velocities of 0.78 m/s
(SE=0.03; Bramblett and White 2001). Median observations in the LMR were 0.81 m/s at
both study sites with fifty percent of detections from 0.57-0.98 m/s at Tunica and 0.481.14 m/s at Vicksburg. These results suggest that shovelnose sturgeon use deeper water
with similar surface current velocities in the LMR compared to the Missouri River and
UMR.
Several studies have assessed riverbed complexity and the presence of shovelnose
sturgeon, but their results do not address what riverbed features shovelnose sturgeon use.
Reuter et al. (2009) compared bathymetric and current velocity maps to locations of
reproductive stage female shovelnose sturgeon in the Missouri River, but these results are
so applied to the goal of identifying spawning habitat that they provide poor comparison
to the general behavior of the species. Guy et al. (2009) included the coefficient of
variation in their model of shovelnose sturgeon capture with drifting trammel nets.
Results of the model suggested that probability of capture increased with increasing
coefficient of variation, but the variation of depths sampled were not reported making
application of their results difficult. Wildhaber et al. (2003) measured relationships
between capture rate with trawl samples and riverbed complexity, finding shovelnose
sturgeon used homogenous riverbeds. My results were similar to Wildhaber et al. (2003),
but unconstrained by capture. The use of homogenous riverbeds in the Missouri River
	
  
33	
  

and LMR suggests shovelnose sturgeon, as Wildhaber et al. (2003) proposed, do not need
current refuge created by a complex riverbed. In the LMR we would expect large
sediment dunes to occur in the main channel with increasing depth and discharge
compared to the smaller shallower dunes that occur on sandbars (Harbor 2004).
Principal component analysis was a useful tool that combined the preferences for
abiotic conditions identified by cumulative frequency distributions in objective 2 and
habitat use in objective 1. Results provided limited differentiation of habitats when use
occurred towards the center of distributions, but variation identified important patterns in
habitat characteristics and changing use throughout the year. The results of the PCA are
dependent on presence only data, and thus cannot infer abiotic conditions in habitats or
locations that were not occupied, but use suggests the presence of suitable abiotic
conditions. Throughout the three thermal-hydrologic periods sandbar, wing dike, and
secondary channel observations tended to ordinate near the mean. The majority of main
channel detections ordinated toward the mean, but variation was evident during several
thermal-hydrologic periods. The main channel, wing dike, sandbar, and secondary
channel habitats would be expected to represent mean conditions as they were the most
frequently used providing the majority of detections in the distributions. Inside bend
natural bank and outside bend natural bank habitats were seldom used and had to be
combined in this analysis, but use of the combined natural bank habitats and revetted
bank habitat show differentiation from the others based on lateral rugosity, lateral slope,
and longitudinal slope, and similarity with each other among surface current velocity,
longitudinal rugosity, and depth when occupied. This pattern suggests that aside from
substrate on natural and revetted banks, the characteristics of these habitats are similar.
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The central tendency of observations to group around the mean is a result of
frequent detections in similar conditions, as indicated by the cumulative frequency
distributions shovelnose sturgeon mostly used moderate depth, surface current velocity,
bottom rugosity, and bottom slope. Variations from these moderate conditions occurred
for observations among thermal-hydrologic periods. During the warm/decreasing and
cooling/low periods shovelnose sturgeon used similar surface current velocity and
longitudinal rugosity. Then during the cold/increasing period surface current velocities
and longitudinal rugosity used became more variable. Lateral rugosity, lateral slope, and
longitudinal slope varied with revetted bank and natural bank habitat, which was not used
in the cold/increasing period. Depth used increased across thermal-hydrologic periods
with increasing observations in deeper water from the cooling/low to cold/increasing
periods. It appears that though shovelnose sturgeon continue to occupy their preferred
conditions throughout the year, as the hydrograph fluctuates seasonally so does the
availability of abiotic conditions resulting in variation from preferred use.

Sandbar microhabitat use
I used observations in sandbar habitat to test the hypothesis that depth, surface
current velocity, bottom rugosity, and bottom slope differentiated locations of shovelnose
sturgeon from those that were unoccupied. Results did not support this hypothesis, but
more frequent detections on the downstream portions of sandbar habitat suggested
preference at a spatial scale greater than that sampled for the logistic regression model. In
a dynamic environment like the LMR, it appears that sandbar habitats are homogeneous
over a gradient much larger than I would expect to find in a stream or small river where
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habitat heterogeneity (e.g., riffle-pool sequences) occur at a scale of tens of meters or less
(Frissell et al. 1986).
Based on personal observations in river reaches studied, sandbar habitat changes
longitudinally. The upstream portions on sandbars are narrow and often contain wing
dikes. Downriver the sandbar widens and flattens extending with gradual slope toward
the toe of the channel, and then narrows at the downstream end as the main channel
crosses the river and depths and current gradually increase, with habitat transitioning into
natural bank or island tip (if a secondary channel is present). These observations, suggest
that the downstream portion of a sandbar is a transitional area of changing current
velocity and depth. Results suggest that vast sandbar habitats change at a gradient larger
than 5 ha, but the downstream areas of these bars are preferred by shovelnose sturgeon
for their transitional properties. Detailed mapping of depth, current velocity, and,
possibly slope and rugosity, would be needed to further substantiate this hypothesis
Throughout the studies of sandbar microhabitat and habitat use, several fish were
detected at the same location or less than several hundred meters apart (aggregations).
These aggregations decreased the total potential sample size for analysis of sandbar
microhabitat use, as shovelnose sturgeon occupied areas within the range of absences,
and thus absence transects could not be recorded. This behavior indicates that
individual’s locations are not consistently independent of each other, which is an
assumption of many habitat selection tests and may need to be addressed prior to a longterm analysis (Garshelis et al. 2000). Lack of independence suggests some interaction
between individuals or preference for environmental conditions that were not measured.
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The occurrence of aggregations throughout the year suggests that they are not associated
with spawning and are possibly based on foraging behavior.
Tools are available to assess the interactions between individual shovelnose
sturgeon and their environment, but have not been applied because of high cost. Dualfrequency identification sonar (DIDSON; Sound Metrics, Corp., Bellevue, WA) is an
acoustic imaging system that provides video for the identification of underwater objects
(Moursund et al. 2003). This technology has been used to monitor white sturgeon
presence and activity in spawning areas of the Columbia River (Crossman et al. 2011),
but aside from this has not been frequently applied to fisheries research. This technology
would allow researchers to locate sturgeon on the riverbed, unhindered by turbidity and
light requirements. The main limitation of DIDSON imaging for Scaphirhynchus
sturgeon research is the strong morphological similarity between pallid sturgeon and
shovelnose sturgeon, which could not be differentiated in images. However, coupling
DIDSON observation with telemetry would allow separation of different species.	
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CHAPTER VI
CONCLUSION

The first goal of this study was to assess seasonal patterns in habitat use of
shovelnose sturgeon. Results of habitat use and selection suggest that shovelnose
sturgeon occupy habitats differently across thermal-hydrologic periods. Within habitats,
analysis of abiotic conditions suggests that shovelnose sturgeon occupy a broad range of
conditions, but most detections are in sites with moderate depth and surface current
velocity and a smooth riverbed. I recognized a priori that year is the only true replicate of
season, and thus, a valid assessment of seasonal effects will require multiple years of
data. Results of this study suggest that preference of measured environmental variables is
similar throughout the year, but habitat use changes seasonally as fish search for
preferred conditions, warranting further evaluation using a multi-year dataset. I have also
demonstrated large numbers of telemetrically tagged shovelnose sturgeon and frequent
detection events are needed to provide sufficient sample sizes for meaningful assessment
of seasonal differences in habitat selection and environmental preferences.
A second goal of this study was assessment for microhabitat use of depth, surface
current velocity, rugosity, and slope on the distribution of shovelnose sturgeon in sandbar
habitat. Results indicated locations occupied did not differ from the immediate
surrounding environment; yet individual shovelnose sturgeon were aggregated in the
lower portion of sandbars and often in close proximity. Additional research is needed to
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determine whether an unmeasured abiotic or biotic variable affects the distribution of
shovelnose sturgeon or possibly the distribution is affected by inter-individual
interactions.
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Table 1
Habitat classifications for assessment of shovelnose sturgeon habitat selection in the
lower Mississippi River
Habitat classification

Habitat description

I. Main channel

The deep channel that includes the
thalweg and navigation channel,
extending from the right bank channel
border to left bank channel border

II. Secondary channel

Former main channels or channels created
when the flow of the river cuts across a
point bar forming a new channel

III. Channel border

The zone between the shoreline
(mainland or island) and the toe of the
channel

A. Outside bend

A steeply sloping erosional bank

1. Revetted bank

Bank armored with erosion-resistant
material placed from the top of the bank
to the toe of the channel

2. Natural bank

Bank lacking revetment material

B. Inside bend

The bank opposite of the outside bend

1. Sandbar

A gradually sloping depositional area

	
  

	
  

2. Natural bank	
  

Steeply sloping bank lacking revetted
material located above or below a sandbar
	
  

C. Wing dike/dike fields

The zone from 200 m above the upriver
dike to 300 m downriver of the downriver
dike and from the shoreline to the toe of
the channel

D. Island tip

A zone of relatively deep water and swift
current from the toe of the channel to the
island shore 100m upriver and downriver
of the downriver tip of an island
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Table 2
The four thermal-hydrologic periods in the lower Mississippi River identified from
average fluctuations observed from 2000-2011
	
  
Thermal-hydrologic period
Period description
Warming/high
Water temperature increases from 10°C to 25°C,
river stage is high (reference Figure 1, above 5.0 m
at Vicksburg, MS)
Warm/decreasing

Water temperature is above 25°C, river stage
decreases

Cooling/low

Water temperature decreases from 30°C to 15°C,
river stage is low (reference Figure 1, below 4.0 m at
Vicksburg, MS)

Cold/increasing

Water temperature starts out decreasing below 15°C,
then warming to 10°C, river stage starts low
increasing

Water temperature and river stages were measured from the U.S. Army Corps of
Engineers gage at Vicksburg, MS. Cutoffs for the thermal-hydrologic periods are
measurements from this gage.
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Table 3
The calculated total detections required for each potential percent availability of a habitat
to meet the requirement of 5 expected detections in the chi-squared test
Percent availability (%)

Total detections

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1
2
3
4
5
6
7
8
9
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
90
95
100

5000
2500
1667
1250
1000
833
714
625
556
500
250
167
125
100
83
71
63
56
50
33
25
20
17
14
13
11
10
9
8
8
7
7
6
6
6
5
5

Total detections were calculated as 5 divided by the percent availability.
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Table 4

	
  

Habitat availability, use (detections), and analysis for shovelnose sturgeon during four
thermal-hydrologic periods in the lower Mississippi River at Tunica, MS	
  
Thermal-hydrologic
period

Habitat

Habitat
availability
(%)

Detections

Detections
(%)

Selection
ratio

90% CI

44.4

0.94

0.15-1.72

22.2
33.3

	
  
	
  
	
  
4.63
55.56

	
  
	
  
	
  
-1.84-11.10
-3.14-114.26
	
  
	
  
	
  
0.18-0.84

Warming/high
Main channel
Secondary channel
Sandbar
Island tip
Revetted bank
Inside bend natural
Outside bend natural
Wing dike

47.5
2.4
27.8
0.1
4.8
0.6
0.2
16.6

4

Main channel
Secondary channel
Sandbar
Island tip
Revetted bank
Inside bend natural
Outside bend natural
Wing dike

68.4

7

35.0

	
  
	
  
	
  
0.51

17.8

7

35.0

	
  
1.97

	
  
0.69-3.24

5.4
0.7
0.3
7.4

3
1

15.0
5.0

	
  
2.78
7.14

	
  
-0.37-5.92
-7.67-21.96

2

10.0

	
  
1.35

	
  
-0.58-3.28

Main channel
Secondary channel
Sandbar
Island tip
Revetted bank
Inside bend natural
Outside bend natural
Wing dike

61.2

16

69.6

1.14

0.80-1.47

22.9

4

17.4

	
  
0.76

	
  
0.02-1.49

5.7
0.7
0.3
9.1

1
2

4.3
8.7

	
  
0.76
12.41

	
  
-0.82-2.35
-5.43-30.25

Main channel
Secondary channel
Sandbar
Island tip
Revetted bank
Inside bend natural
Outside bend natural
Wing dike

47.5
2.4
27.8
0.1
4.8
0.6
0.2
16.6

2

7.1

	
  
	
  
	
  
0.15

	
  
	
  
	
  
-0.08-0.38

24
1
1

85.7
3.6
3.6

	
  
3.08
35.71
0.74

	
  
2.55-3.62
-42.89-114.32
-0.89-2.38

	
  
	
  

	
  
	
  

2
3

Warm/decreasing

Cooling/low

Cold/increasing

Selection ratios are statistically significant if 90% confidence intervals (CI) do not
include 1.
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Table 5
Habitat availability, use (detections), and analysis for shovelnose sturgeon during four
thermal-hydrologic periods in the lower Mississippi River at Vicksburg, MS
Thermalhydrologic period

Habitat

Habitat
availability
(%)

Detections

Detections
(%)

Selection
ratio

90% CI

Warming/high
Main channel
Secondary channel
Sandbar
Island tip
Revetted bank
Inside bend natural
Outside bend natural
Wing dike

40.4
5
23.1
0.1
7.4
1
2.2
20.8

14

25.5

0.63

0.30-0.96

11

20.0

	
  
0.87

	
  
0.34-1.39

6
1
4
19

10.9
1.8
7.3
34.5

	
  
1.47
1.82
3.31
1.66

	
  
0.20-2.75
-2.22-5.86
-0.26-6.87
0.97-2.35

Main channel
Secondary channel
Sandbar
Island tip
Revetted bank
Inside bend natural
Outside bend natural
Wing dike

63.6

13

27.1

0.43

0.21-0.64

20.6

12

25.0

	
  
1.21

	
  
0.57-1.86

7.4
0.9
2.2
5.3

7

14.6

	
  
1.97

	
  
0.51-3.44

1
15

2.1
31.3

	
  
0.95
5.9

	
  
-1.05-2.94
3.21-8.58

Main channel
Secondary channel
Sandbar
Island tip
Revetted bank
Inside bend natural
Outside bend natural
Wing dike

60.4

46

73.0

1.21

1.01-1.41

16.3

7

11.1

	
  
0.68

	
  
0.16-1.20

5.7
0.7
1.6
15.4

7

11.1

	
  
1.95

	
  
0.47-3.43

3

4.8

	
  
	
  
0.31

	
  
	
  
-0.06-0.68

Main channel
Secondary channel
Sandbar
Island tip
Revetted bank
Inside bend natural
Outside bend natural

40.1
5.1
23.1
0.1
7.5
1
2.2

51
8
11

60.7
9.5
13.1

1.51
1.87
0.57

1.22-1.81
0.46-3.28
0.21-0.92

4
3
1

4.8
3.6
1.2

	
  
0.64
3.57
0.54

	
  
-0.06-1.33
-0.97-8.11
-0.66-1.75

Wing dike

20.9

6

7.1

0.34

0.04-0.64

Warm/decreasing

Cooling/low

Cold/increasing

Selection ratios are statistically significant if 90% confidence intervals (CI) do not
include 1.
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Table 6

	
  

Resulting eigenvalues, eigenvectors, and proportional variance explained by each
principal component (PC) from the principal component analysis of
shovelnose sturgeon detections in the lower Mississippi River
near Tunica, MS and Vicksburg, MS

Eigenvalues
Proportion of
variance
Cumulative
proportion of
variance
Eigenvectors
Depth
Surface current
velocity
Longitudinal
rugosity
Longitudinal slope
Lateral rugosity
Lateral slope
	
  
	
  
	
  

PC1
2.37

PC2
1.23

PC3
1.01

PC4
0.60

PC5
0.58

PC6
0.21

0.39

0.20

0.17

0.10

0.10

0.04

0.39

0.60

0.77

0.87

0.96

1.00

0.08

-0.05

0.98

0.10

-0.17

0.00

-0.27

-0.67

-0.10

-0.21

-0.65

0.02

0.22
0.47
0.58
0.56

-0.73
0.04
-0.12
0.08

0.04
0.06
-0.12
-0.14

0.13
-0.88
0.27
0.29

0.61
0.04
-0.20
-0.36

0.18
0.02
-0.72
0.67

Table 7
	
  
Logistic regression model for predicting the sandbar presence of shovelnose sturgeon in
the lower Mississippi River
Odds ratios

90% CI

P

Depth

2.69

0.69-10.42

0.23

Surface current velocity

0.62

0.26-1.45

0.35

Longitudinal rugosity

1.44

0.72-2.91

0.39

Lateral rugosity

0.90

0.44-1.81

0.80

Longitudinal slope

0.81

0.45-1.43

0.54

Lateral slope
	
  

1.05

0.44-2.48

0.93
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Figure 1
River stage and water temperature in the lower Mississippi River measured at the U.S.
Army Corps of Engineers gage at Vicksburg, MS (rkm 701)
The solid blue line indicates the weekly stage throughout the study period (March 2012
March 2013), and the dashed blue line is the mean monthly stage from 2000-2011. The
solid red line is the weekly water temperature throughout the study period, and the
dashed red line is the mean monthly water temperature from 2000-2011. The four
thermal-hydrologic periods are differentiated by the vertical dashed lines and abbreviated
as warming/high (W/H), warm/decreasing (W/D), cooling/low (C/L), and cold/increasing
(C/I).
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1.002

Rugosity of longitudinal transects
1.005

1.010

0.00

Slope of longitudinal transects
0.01

0.02

1.002

Rugosity of lateral transects
1.004

1.008

0.01

Slope of lateral transects
0.03

0.07

	
  
Figure 2
Example of riverbed morphology measured by longitudinal and lateral transects.
Shown are actual bottom profiles of randomly selected transects with rugosity or slope
values equal to the 25th, 50th, and 75th percentiles. Rugosity and slope increase differently.
Rugosity increases as the riverbed becomes rougher with many small changes in depth or
a few large sedimentary waveforms. Slope was robust to brief spikes in depth and
increased as would be expected with the change in gradient.
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Figure 3
Habitats in the lower Mississippi River at Tunica, MS
This map depicts the habitat availability for the cold/increasing period occurring January
2013-March 2013. The perimeters of habitats were determined from satellite imagery
recorded on January 31, 2013 at a river stage of 8.21 m on the U.S. Army Corps of
Engineers river gage at Helena, AR. Numbers on the map are river kilometers above
Head of Passes.
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Figure 4
Habitats in the lower Mississippi River at Vicksburg, MS
This map depicts the habitat availability for the cold/increasing period occurring January
2013-March 2013. The perimeters of habitats were determined from satellite imagery
recorded on February 16, 2013 at a river stage of 9.98 m on the U.S. Army Corps of
Engineers river gage at Vicksburg, MS. Numbers on the map are river kilometers above
Head of Passes.
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Figure 5
Percent availability and use of habitats at Tunica, MS and Vicksburg, MS for the four
thermal-hydrologic periods
Abbreviations are main channel (MC), secondary channel (SC), sandbar (SND), island tip
(ILT), revetted bank (REV), inside bend natural bank (IBNAT), outside bend natural
bank (OBNAT), and wing dike (WD).
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Tunica, MS

Vicksburg, MS

	
  
Figure 6
Cumulative frequency distributions of abiotic variables measured at shovelnose sturgeon
locations in the lower Mississippi River near Tunica, MS and Vicksburg, MS
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Tunica, MS

Vicksburg, MS

	
  

	
  

	
  

	
  

	
  

Figure 6 (continued)
Dotted lines represent the 25th and 75th quartiles, and dashed lines represent the median
(50th percentile). Distributions with maxima less than the horizontal range of the figures
were truncated.
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PC 1 and PC 2

PC 2 and PC 3

PC 1 and PC 3

Warm/decreasing

Cooling/low

Cold/increasing

Figure 7
The principal component scores of shovelnose sturgeon detections at Vicksburg, MS and
Tunica, MS from three thermal-hydrologic periods	
  
Principal component scores recorded at Vicksburg, MS are represented by dots and at
Tunica, MS are represented by triangles. Habitats are graphed by colors depicted in the
legend.
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Figure 8
Locations of shovelnose sturgeon sandbar detections in the lower Mississippi River at
Vicksburg, MS from January- November 2013
Sandbars are represented by the yellow areas. Shovelnose sturgeon detections are
represented by red triangles. Numbers are the river kilometers above Head of Passes.
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